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Abstract
The European Organization for Research and Treatment of Cancer (EORTC) 22861 randomised trial established that combined
radiochemotherapy is the standard treatment for locally advanced anal cancer. This EORTC phase II study (#22953) tests the
feasibility of reducing the gap between sequences to 2 weeks, to deliver Mitomycin C (MMC) in each radiotherapy sequence and
5-FU continuously during the treatment. The ﬁrst sequence consisted of 36 Gy over 4 weeks. 5-FU 200 mg/m2/days 1–26, MMC 10
mg/m2/day 1 gap 16 days. Then a second sequence of 23.4 Gy over 17 days, 5-FU 200 mg/m2/days 1–17 and, MMC 10 mg/m2/day 1
was given. 43 patients with a World Health Organization (WHO) status of 0 (n=27) or 1 (n=16) and with T2-T4, N0-3 tumours
were included. Compliance with the planned treatment, doses and duration was 93%. The complete response rate was 90.7%.
Grade 3 toxicities of 28, 12 and 2% were observed for skin, diarrhoea and haematological toxicities, respectively. The 3-year esti-
mated rates for trials 22861 and 22953 are: 68 and 88% for local control; 72 and 81% for colostomy-free interval, 62 and 84% for
severe late toxicity-free interval, and 70 and 81% for survival, respectively. The 22953 scheme is feasible and the results are pro-
mising. This is now considered as the new standard scheme by the EORTC.
# 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Two similar randomised clinical trials conducted in
Europe compared radiotherapy alone with radiotherapy
combined with chemotherapy as treatment for anal
cancers [1,2].
The United Kingdom (UK) trial [1] was opened to
patients with early and locally advanced stages while the
trial conducted by European Organization for Research
and Treatment of Cancer (EORTC) was restricted to
advanced stages only [2].
In both trials, patients received initially either radio-
therapy of 45 Gy over 5 weeks or the same regimen
combined with 5-ﬂuorouracil (5-FU) by continuous
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infusion during the ﬁrst and last week of radiotherapy
and mitomycin C (MMC) on day 1 of the ﬁrst chemo-
therapy course. Six weeks after the end of treatment,
patients with a partial or complete response had a boost
dose of 15–20 Gy by external ﬁelds or brachytherapy.
Poor or non-responders had salvage surgery. Both trials
demonstrated signiﬁcantly better local control and
colostomy-free interval for patients treated with the
combined modality treatment (CMT). There was no
diﬀerence in overall survival, but a reduction in cancer-
related deaths was observed in the UK trial.
An Intergroup United States (US) randomised trial
compared two CMT regimens [3]. In one arm, 5-FU by
continuous infusion was given during the ﬁrst and last
week of radiotherapy, in the other arm, MMC was
added on day 1 of each 5-FU course. The radiotherapy
dose was limited to 45–50 Gy over 5 weeks with ﬁeld
reductions at 30.6 and 36 Gy. The addition of MMC
signiﬁcantly increased the disease-free and colostomy-
free intervals, mainly in patients with large tumours.
However, MMC induced more World Health Organi-
zation (WHO) grade 4 and 5 toxicities.
Presently, CMT with 5-FU and MMC is considered
standard treatment, at least for locally advanced anal
carcinomas [4]. However, the loco-regional recurrence
rate remains as high as 30–40%, representing 60–70%
of all failures. These ﬁgures clearly indicate that there is
a need for improvement and that further increasing the
local control remains a major goal.
Taking our previous EORTC scheme as a reference,
we could have tried to optimise each treatment para-
meter separately (i.e. the radiation scheme, chemo-
therapy scheme, chemotherapy delivery). However, we
would likely not have observed a relevant eﬀect.
Therefore, we decided to change all of the parameters
at once.
This multicentric EORTC phase II trial aimed to test
the feasibility of a modiﬁed and intensiﬁed treatment,
reducing the gap between whole pelvis and boost radio-
therapy to 2 weeks only, delivering the 5-FU and MMC
chemotherapy during the two radiotherapy sequences
and a protracted infusion of 5-FU over the whole
treatment time. The main endpoints were compliance to
treatment, acute toxicity and tumour response.
2. Patients and methods
2.1. Eligibility criteria
Eligible patients had invasive squamous-cell carci-
noma of the anal canal or of the anal margin with anal
inﬁltration; WHO status of 0 or 1; age up to and
including 75 years; a granulocyte count above 2109
cells/l; a platelet count above 100109 cells/l; a serum
creatinine level less than 120 mmol/l.
The extent of the tumour was evaluated by clinical
examination, proctoscopy, computed tomography (CT)
of the pelvis, ultrasonography of the liver and chest
X-ray. Cytology for enlarged nodes was recommended.
Tumours were staged according to the International
Union Against Cancer (UICC) 1997 classiﬁcation [5].
We included patients with T2-N0 equal or greater than 4
cm, T3, 4-N0 and N1-N3 whatever the T classiﬁcation.
Patients with other histologies, or who had been pre-
viously treated, or had other primary cancers, angina
pectoris and distal arteritis were excluded. Written
informed consent was required.
2.2. Treatment
2.2.1. First sequence
Radiotherapy was directed to a target including the anal
margin, the perineum, the anal canal, the perirectal nodes
up to the top of the second sacral vertebra, the posterior
pelvis, anteriorly a 3-cmmargin beyond the macroscopical
extension of the tumour; laterally the internal iliac nodes
and 3 cm of tissues beyond the macroscopical extension of
the tumour. This volume was extended to the inguinal
region when the distal primary was located less than 1
cm from the anal margin, or when the inguinal and/or
the pelvic nodes were clinically positive. Treatment was
delivered using a 2- or 4-ﬁeld technique, depending upon
inguinal node involvement. The inguinal nodes were
included in the anterior photons portal and received
additional anterior-electron beam complements.
This large initial volume was given 36 Gy in 20 frac-
tions over 26 days. 5-FU was delivered continuously at
the dose of 200 mg/m2/day from day 1 to day 26. MMC
was given at the dose of 10 mg/m2 on day 1.
During treatment, patients were examined once a
week to determine acute toxicities and their biological
proﬁle. In cases of grade 3 diarrhoea, 5-FU was perma-
nently stopped while radiotherapy was delayed until
diarrhoea improved to the grade 2 level. The 5-FU dose
was lowered by 25 or 50% in cases of haematological
toxicity grades 1 or 2, respectively. It was permanently
stopped in cases of grade 3 or more.
2.3. Gap
At the end of the ﬁrst sequence, a 16-day gap was
planned. Then, patients with tumour progression were
oﬀered a salvage surgery while responders had a second
CMT sequence.
2.4. Second sequence
Radiotherapy was directed to a target including the anal
canal, anal margin, primary tumour and involved nodes,
with a 1 cm margin. For involved inguinal nodes, the
recommendation was to exclude them from the second
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radiotherapy sequence and to perform a simple excision
after treatment completion.
This reduced volume was treated with a 3- or 4-ﬁeld
technique up to 23.4 Gy in 13 fractions over 17 days by
external beams or the same dose by brachytherapy
(total dose 59.4 Gy in 33 fractions and 59 days).
5-FU was delivered continuously at the dose of 200
mg/m2/day from day 1 to day 17, MMC at the dose of
10 mg/m2 on day 1.
The second sequence was given with full-dose chemo-
therapy when there was no haematological toxicity or
grade 3 diarrhoea. If these occurred, the gap duration
was extended to 3 weeks. In cases of persistent grades 1
or 2 haematological toxicity, the 5-FU dose was reduced
by 25 or 50%, respectively, while MMC was not rein-
troduced. Acute grade 3 skin or mucosal reactions were
not supposed to delay the start of the second sequence.
2.5. Follow-up
After the end of treatment, patients were followed up
once a week until acute toxicities disappeared.
Six weeks after the end of treatment, clinical exami-
nation, biological proﬁle, pelvic CT scan and liver ultra-
sonography were planned. These examinations were
repeated 10 weeks later and every 6 months thereafter.
In cases of suspected local recurrence, conﬁrmation
should have been obtained by biopsy before a salvage
surgery was performed.
2.6. Evaluation of toxicity and responses
Acute toxicities and tumour responses were recorded
following the WHO acute morbidity scoring system and
WHO recommendations for measurable and non-measur-
able disease [6]. Late toxicities were recorded following the
subjective, objective, management, analytic (SOMA) scale
recommendations [7].
2.7. Statistical considerations
The main endpoint was compliance to treatment. A
compliant case was considered as those able to receive
the treatment with a gap equal or shorter than 3 weeks,
and for whom no dose reduction of more than 50% was
needed. It was estimated that the proportion of com-
pliant patients would be 80%.
Taking a 95% conﬁdence interval (CI) varying from
(P0.2P) to (P+0.2P), 40 patients were required.
3. Results
3.1. Patients
From June 1996 to May 1999, 44 patients were
enrolled. One patient was lost to follow-up before
treatment and was thus ineligible. The characteristics of
the 43 patients are reported in Table 1.
3.2. Compliance to treatment
The median duration of the ﬁrst sequence was 26 days
(25–31 days) and 26 days (17–30 days) for radiation and
5-FU delivery, respectively. The median dose for radio-
therapy was 36 Gy (36–36.7 Gy). The median daily
doses of 5-FU and MMC were 197 mg/m2 (165–230 mg/
m2) and 10 mg/m2 (6–15 mg/m2), respectively.
The median gap duration was 18 days (14–30 days). 6
patients had an increased gap duration: 3 for grade 3
toxicity, 2 for deep venous thrombosis, 1 unknown. One
patient only had a gap lasting for more than 3 weeks.
All patients underwent the second treatment
sequence, and 5 had a brachytherapy boost instead of
an external radiotherapy boost.
The median duration of the second sequence was 17
days (16–26 days) and 17 days (8–20 days) for radia-
tion and 5-FU delivery, respectively. The median dose
for radiotherapy was 23.4 Gy (23.4–23.4 Gy). The
median daily doses of 5-FU and MMC were 199 mg/
m2 (82–223 mg/m2) and 10 mg/m2 (6–11.5 mg/m2),
respectively. 2 patients had a deﬁnitive interruption of
5-FU due to acute pneumonia and deep venous
thrombosis. Treatment compliance for both radiation
and chemotherapy doses, treatment duration and gap
duration was 93%.
3.3. Acute toxicity
No grade 4 or 5 toxicity was observed. Only 5 patients
had a grade 3 diarrhoea. Haematological toxicities were
uncommon and minimal (Table 2).
Acute grades 2 and 3 perineal skin reaction and diar-
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ﬁrst sequence, peaked at its end and resolved rapidly
during the second sequence (Figs. 1 and 2).
3.4. Tumour response
At the end of the gap, 6 patients already had a com-
plete response, 26 a partial response, 2 had no change
and 9 were not evaluated. Six weeks after treatment
completion, 36 patients had a CR, 5 a PR, 3 of those
had a delayed CR 1–4 months later, 2 had a tumour
progression.
3.5. Recurrences
Among the 39 patients in CR after CMT, 2 presented
later with a local failure and 2 with distant metastasis.
After salvage surgery, 1 patient is living at 6 months, 1
died from local progression at 8 months.
Among the 4 patients with progression or PR after
CMT, 1 had no further treatment, and 3 had salvage
surgery. 2 died from local recurrences 12 and 19 months
later; 1 is alive without disease 10 months after surgery.
After salvage of the failures, the overall 3 year loco-
regional control rate was 88% (Fig. 3).
3.6. Colostomies
8 patients had a permanent colostomy. In 3 patients
with suspected local recurrence, the pathological speci-
men did not show residual disease. No postoperative
deaths were observed. The 3-year colostomy-free inter-
val rate was 81% (Fig. 4).
3.7. Severe late toxicities
4 patients had a transient anal ulcer, one of which
necessitated a temporary colostomy. Another 1 had a
Fig. 1. Time course of acute grades 2–3 perineal skin reactions.
Fig. 2. Time course of acute grades 2–3 diarrhoea.
Table 2
Maximum score of acute side-eﬀects (n=43)
Grade No. pts
Diarrhoea 3 5 (12%)
2 19 (44%)
Perineal 3 12 (28%)
2 26 (60%)
WBC 3 1 (2%)
2 2 (5%)
Platelets 3 1 (2%)
2 3 (7%)
WBC, white blood cells; pts, patients; pts, patients.
Fig. 3. Local-free interval.
Fig. 4. Colostomy-free interval.
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bowel occlusion which resolved spontaneously. The
3-year severe toxicity-free interval rate was 84% (Fig. 5).
3.8. Survival
After a median follow-up of 30 months (10–64
months), 4 patients died, all from cancer. The 3-year
survival rate was 81%.
3.9. Comparison of 22861 and 22953 EORTC trials
Patient selection for the previous EORTC study
(#22861) and the 22953 trial was very similar. The two
CMT schemes diﬀered mainly by the chemotherapy
scheme, the gap duration (6 weeks versus 2 weeks) and
the dose of radiation delivered during the ﬁrst sequence
(45 Gy versus 36 Gy). Comparing the main results of
both studies is not completely irrelevant, keeping in
mind the limitations of historical comparisons (Table 3).
At 3 years, this attempted comparison suggests there
is an improved local control with a lower late toxicity
following treatment with the most recent 22953 scheme.
4. Discussion
Pioneered by Papillon [8,9], radiation alone became
the standard treatment for anal cancer in the 1970s [10–
13]. Originally, it was delivered in two sequences. The
ﬁrst consisted of a 45–50 Gy external beam radiation
dose given over 5 weeks or an equivalent dose (30 Gy in
18 days and 10 fractions in Papillon’s scheme) to the
primary tumour and subclinical locoregional disease.
Then a 6-week gap was planned. This long period was
intended to allow an optimal regression of the tumour
and the healing of acute reactions. Then a second
sequence of either surgery for non- or partial responders
or a radiotherapy boost dose of 15–20 Gy with either
external ﬁelds or brachytherapy for good responders
was given.
The treatment schemes of the two European rando-
mised trials that tested CMT were designed to ﬁt this
schedule, with chemotherapy being delivered only dur-
ing the ﬁrst sequence.
The current phase II study demonstrates that it is
possible to reduce the gap from 6 to 2 weeks, to deliver
chemotherapy during both sequences and 5-FU con-
tinuously. This scheme has permitted to an increase in
the 5-FU dose from 615 mg/m2/week in the previous
EORTC trial to 1400 mg/m2/week in this trial and the
MMC dose from 1.1 to 2.3 mg/m2/week.
Acute toxicity was moderate and healed rapidly.
Haematological toxicity was low, despite MMC being
given twice. Among the 34 patients who were evaluated
at the end of the gap, 32 (94%) were considered good
responders, indicating that anal cancer is a tumour that
rapidly responds to radiochemotherapy and that a 36
Gy dose seems suﬃcient to select responders from non-
responders in CMT.
The complete response rate was 90.7%. Of interest, 3
patients had a complete response 10–22 weeks after
treatment completion.
The 3-year local control rate was 88%, better than
that observed in the two European studies (61 and 68%
in the UK and EORTC studies, respectively) [1,2], and
in the same range as that observed in the 5-FU–MMC
arm of the American study that included both early and
locally advanced diseases [3]. Late toxicity was sub-
stantially lower in the present study than that observed
in the previous EORTC study [2]. There is no clear
explanation for this. One reason could be the lower
radiotherapy dose given in the ﬁrst sequence (36 Gy
versus 45 Gy), another could be the modality of the
5-FU administration.
The absence of mortality observed after surgery per-
formed after full radiochemotherapy treatment indicates
that this should be considered in cases of local recur-
rence. It may give a curative chance to approximately
50% of patients [14–16]. However, because the local
aspect of the disease may mimic a recurrence, con-
ﬁrmation should be obtained before making the deci-
sion to operate.
Lengthening the overall treatment time has been
shown to decrease the eﬃcacy of radiation in many
cancers and this has been attributed to tumour cell
Fig. 5. Severe toxicity-free interval.
Table 3
Comparison of the 22861 and 22953 main results: 3-year estimated
rates (%)a
22861 22953
No. patients 51 43
Locoregional control (months) 68 (54–82) 88 (73–100)
Colostomy-free interval (months) 72 (60–86) 81 (63–98)
Overall survival (months) 70 (58–86) 81 (67–95)
Severe toxicity-free interval (months) 62 (47–76) 84 (70–98)
a 95% Conﬁdence Interval given in paretheses.
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repopulation [17]. In anal cancer, Peiﬀert and colleagues
[18] observed a loss of local control when the gap dura-
tion was over 63 days before the boost by brachyther-
apy. Allal and colleagues [19] made a similar
observation when it was over 75 days before the boost
by external radiation. In an attempt to further increase
the local control of CMT, the Radiation Therapy
Oncology Group conducted a phase II study to test the
feasibility of CMT while increasing the radiotherapy
dose up to 59.4 Gy (Radiation Therapy Oncology
Group (RTOG) #92.08). A 2-week gap was planned
after 30.6 Gy. Two courses of 5-FU-MMC were deliv-
ered during the radiation. 47 patients were entered into
the study, 28% had a grade 3 and over acute toxicities
and there was one toxic death. After 2 years, the colost-
omy rate was 30% compared with 7% in the intergroup
study that used a 45 Gy dose without gap. It was con-
cluded that introducing a 2-week gap was responsible for
this deterioration in the results, despite an increased
radiotherapy dose [20]. The radiation scheme used in the
RTOG 92.08 and in the EORTC 22953 are very similar,
but the chemotherapy doses and delivery diﬀer and this
likely explains diﬀerences in toxicity. However, the time
course of acute toxicity observed in our study, especially
the perineal skin reactions, indicates it is unlikely that the
gap can be further reduced or omitted.
Rich and colleagues tested 5-FU given as a con-
tinuous infusion for CMT for anal cancer. The toler-
ance was acceptable when infusion was given at 250–300
mg/day, 5 days/week, a dose intensity similar to ours.
When given with a 50–55 Gy radiotherapy dose, they
observed a 73% rate of local control, while the addition
of daily cisplatin increased this rate to 89% [21]. Whe-
ther 5-FU–cisplatin is more eﬃcient or less toxic than
5-FU–MMC is currently under investigation in a large
US phase III trial (RTOG #98-11).
Because the 22953 scheme appears to increase local
control and to decrease the late side-eﬀects compared with
our previous study, the RT and Gastrointestinal (GI)
EORTCGroups have decided to use this new scheme as a
reference and to study MMC–5-FU versus MMC–cispla-
tin chemotherapies in a future randomised CMT study.
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